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Abstract. The possible existence of 77-mesic nuclei poses an interesting and still open issue of research. 
Since the occurence of such 77-nucleus bound states is reflected in the corresponding 77-nucleus scattering 
length, we critically review the present knowledge for the 7y 3 He system. Specifically, we scrutinize the 
available experimental information for the reaction p+d — > r/+ 3 He which is commonly used to extract the 
7) 3 He scattering length. We point out several striking discrepancies between the various measurements. 
Subject to those inconsistencies we deduce a value of a=|4.3±0.3|+z(0.5±0.5) fm. 
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1 Introduction 

The possible formation of ^-nucleus quasibound states has 
been an interesting topic for a long time. However, so far 
no such states have been directly observed. It is also an 
open and heavily debated question what might be the 
lightest nuclei for which such a bound state can occur. 
For instance, investigations PI2H2] based on optical mod- 
els indicate carbon as the lower limit for nuclei able to 
bind an r\ meson. Most recently 0] this limit was low- 
ered to the 4 He nucleus. In contrast, even formation of 
a bound ?7 3 He system is supported by other and differ- 
ent model calculations [SBSIEIIHIE] • To clarify the sit uat ion 
experimental studies of this system are proposed at GSI 
[T2TITTi] and COSY [WTMTCj . It is obvious that such ex- 
periments are very delicate and their design requires good 
estimates for the relevant binding energies and widths of 
77-mesic nuclei. Such estimates would dictate, for instance, 
the necessary resolution of the detector and the required 
beam luminosity. 

In this context very light nuclei are particularly in- 
teresting because such systems are accessible to a micro- 
scopic treatment whereas for heavier systems approxima- 
tions have to be introduced whose effects are difficult to 
quantify and, accordingly, might lead to large uncertain- 
ties in the achieved results. In particular the ?7 3 He system 
is very appealing because it can be studied within the well- 
established Alt-Grassberger-Sandhas ^7] and Faddeev - 
Yakubovsky ^H] theories. The only but still very crucial 
ambiguity here is caused by our poor knowledge of the 
elementary 77-nucleon (rjN) interaction, which obviously 
enters any microscopic calculation as an input. A com- 
pilation of values for the r]N scattering length, obtained 
from different rjN model analyses, shows that its real part 
ranges from 0.20 to 1.05 fm, while the imaginary part 



varies between 0.16 and 0.49 fm [UJJ. Since the elementary 
ijN interaction is not fixed, any ^-nucleus calculation (3103 
7.8,2] can oni y provide a range of results for the 77- nucleus 
scattering lengths rather than a concrete prediction. 

Under these circumstances it seems to be more promis- 
ing to investigate a quantity closely related to the prop- 
erties of the bound state, namely the ^-nucleus scattering 
length [23] • It is well-known that in case of bound states 
the (real part of the) scattering length should be rela- 
tively large and negative. (We adopt here the sign con- 
vention of Goldberger and Watson |21| common in meson 
physics.) Thus, studies of the 77-nucleus interaction near 
threshold can be used to determine the ry-nucleus scatter- 
ing length, and then, in turn, would permit conclusions 
on the existence of such rj- nucleus bound states. Infor- 
mation on the 77-nucleus interaction can be deduced from 
analysing the energy dependence of rj production reactions 
such as pd^rj 3 He, dd^r] 4 Re, etc. Certainly, the energy 
dependence of the production cross section of those re- 
actions itself is not sensitive to the sign of the real part 
of the scattering length, but only to its magnitude, and 
therefore cannot provide direct evidence for the existence 
of a bound state. (See, however, Ref. [22] for a possible ex- 
periment to determine the sign of the real part.) But even 
a good quantitative knowledge of the magnitude of the 
scattering length could already provide a strong hint for 
the existence of a ?7-mesic bound state and, more impor- 
tantly, it would allow concrete estimations for the energy 
range that should be scanned in dedicated experiments. 

In the present paper we provide a systematic overview 
of the experimental information available for the reac- 
tion p+d^ 3 Re+T] |23U24U25U26U27U28U29j . In particular, 
we critically compare the results of the various measure- 
ments, which were partly performed for different kinemat- 
ical conditions, in order to investigate the consistency of 
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the data sets. Special emphasis will be put on the data 
near the reaction threshold which are commonly used to 
extract information about the fy 3 He scattering length. We 
discuss also results for the ry 3 He scattering length that can 
be found in the literature. The aim of the paper twofold. 
First we want to derive an new estimate for the ?7 3 He scat- 
tering length taking into account all available low-energy 
data on the reaction p+d^ 3 He+n and, secondly, we want 
to specify which further measurements are necessary in 
order to significantly improve the present situation. 



2 Treatment of the final state interaction 

If a production reaction is governed by a strong s-wave in- 
teraction in the final state then, according to Watson and 
Migdal |30II31| . the energy dependence of the reaction am- 
plitude is basically determined by the on-shell scattering 
amplitude of the final state, i.e. by 



T(q) 



q cot 5 — iq 



(1) 



where q is the center-of-mass momentum of the strongly 
interacting particles in the final state and S is the cor- 
responding (s wave) phase shift. Close to threshold the 
phase shift i5 can be approximated by the effective range 
expansion 

1 , r o 2 
a 2 



q cot 5 



(2) 



where for the ry 3 He interaction, of course, both the scat- 
tering length a and the effective range ro are complex. 

With the above sign convention a commonly quoted 
necessary condition for the existence of a quasibound state 
is that 5fta < 0. However, for having a quasibound state 
there is an additional requirement, namely that the energy 
E corresponding to the zero in the denominator of Eq. 
fulfils the relation $IE < 0. This, in turn implies that 



5R[a 3 (a* -rg)] > 



(3) 



in the two lowest orders in r /a. In the absence of the 
effective range term this reduces to the condition that 
|3ia|>$ja>0, given, e.g., in Ref. [J]. 

Neglecting terms of higher order than q 2 , the squared 
reaction amplitude, |/| 2 , can be written as |30II31| 



I/I 2 = I/pI 2 -TOI 5 



l/p| 



(l+3a 9 ) 2 + (Ka g ) 2 +3ffaKr q 2 -3a3r g 2 ' 



(4) 



where f p is the s-wave production operator, assumed to 
be independent of the final momentum near the reaction 
threshold. 

While the coefficient of the term linear in q is given 
by the imaginary part of the scattering length alone, the 
q 2 term contains both the complex scattering length and 
effective range. In case of the two-nucleon system |a|^ro 
and therefore a further approximation is reasonable. It 
consists in the neglect of the effective range, i.e. of the 



second term in Eq. P|. so that the reaction amplitude is 
simply given by 



1 — laq 

Then Eq. |TJ} reduces to the form 

IJpI 2 



l+2Qaq+\a\ 2 q 2 



(5) 



(0) 



However, for the 7y 3 He system a and r a are expected to 
be of the same order of magnitude so that the above ap- 
proximation is not really justified. Thus, here \a\ 2 as deter- 
mined from Eq. JJjJ can only be considered as an effective 
quantity rather than the modulus of the physical scatter- 
ing length. Clearly separating the scattering length and 
effective range is only possible by making further assump- 
tions or within specific model calculations, which means in 
a model-dependent way. On the other hand, in the region 
very close to threshold where the term linear in q should 
dominate, in principle, there is a possibility to determine 
the imaginary part of the scattering length from the mo- 
mentum dependence of the reaction amplitude f(q). It 
should be feasible in the momentum range q < l/2a. 
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Fig. 1. Spin averaged p+d^He+v transition amplitude for 
forward (solid symbols) and backward (open symbols) 77-meson 
production as a function of the final momentum q in the cm. 
system (lower axis) or excess energy e (upper axis). The ex- 
periments are taken from Refs. [Z5I21TZ5|. In some cases |24l 
127128125] extrapolated results from a fit to the measured ;/- 
meson angular spectra are shown, cf. text. The solid lines are 
the fits of Ref. [231 to their p+d^Re+i] data by Eq. © for 
i?=0° and #=180°. The shaded area indicates results based on 
the correlation Eq. I1UH reported in Ref. |1U| for the extreme 
limits given by Ka=0 and Ssa=0. Here |/| 2 was obtained by 
using Eq. ©. 
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Table 1. Data on the reaction p+d— > 3 He+»7 discussed in the 
present paper, q is the cms momentum in the (final) r; 3 He 
system and e is the corresponding excess energy. We use m3 He 



2809.414 MeV and m„ 



547.3 MeV. 





Ref. 


Observable 


q (MeV/c) 


e (MeV) 


Berger 


E3] 




<t(0°), a(180°) 


7-136 


0.054-20 


Banaigs 


24 




<r(180°) 


265-406 


73-163 


Banaigs 


24 




o{-&) 


283 


83 


Berthet 






cr(180°) 


118-955 


15-711 


Mayer 


ES 




&toti A cm 


11-75 


0.13-6.11 


Bilger 


EH 




CTtot, O-(tf) 


138-334 


21-114 


Betigeri 


28 




O-tot, 


214 


49 


Kirchner 


29 




(Ttot, <r(l?) 


568 


298 



3 Data at low energies 

General information on the data base discussed in the 
present paper is summarized in Tabled 

The application of the formalism described in the last 
section is only sensible if two requirements are fulfilled: (i) 
the production data show a significant momentum depen- 
dence near threshold; (ii) the production occurs predomi- 
nantly in s- waves. A strong momentum dependence of the 
spin averaged squared p+d^ 3 He+r/ reaction amplitude 
defined as 

was indeed seen in the first reported near-threshold mea- 
surement in 1988 [22]. Here k and q are the initial and 
final particle momenta in the center of mass system and 
dcr/dfl stands for the cms differential cross section. The 
measurements were done only at the 77-meson production 
angles i}—0° and #=180° in the cms and are presented in 
Fig- by full and open squares. The open circles (open 
crosses) in Fig. show earlier data of Banaigs et al. [21] 
(Berthet et al. [2SJ) for 77-meson production at $=180° at 
somewhat higher energies. 

Despite the discrepancies between the data )24II25| on 
backward ?7-meson production in the range 250<g<500 
MeV/c it is clear from Fig. that there is a strong q 
dependence of |/($)| 2 up to rather high energies. Further- 
more, from the data of Berger et al. [231 1 which are avail- 
able for both -0=0° and $=180°, one can conclude that 
the angular dependence is small for final momenta up to 
q w 65 MeV/c which suggests that the reaction amplitude 
should be dominated by the s-wave in this momentum 
range. 

Further data on the reaction p+d—> 3 He+rj near thresh- 
old, obtained with the SPES2 spectrometer at Saclay, were 
reported in 1996 [20] ■ This experiment provided data on 
the total reaction cross section cr tot and a forward-backward 
asymmetry in the cm system A cm defined as 



for data analysis. Evidently, within 5% accuracy in the 
amplitude the asymmetry is consistent with zero. Thus, 
this measurement confirms that for q<70 MeV the reac- 
tion p+d— > 3 He+?7 is dominated by the s-wave. Therefore, 
we will use the data on p+d—> 3 He+r] in this momentum 
range for investigating effects of the final state interaction 
(FSI) for the r? 3 He system. 

Assuming that the total reaction cross section is gov- 
erned by the s wave one can compute the average reac- 
tion amplitude squared, |/| 2 , from the data of Ref. |2~6*] 
by means of Eq. J7J. Corresponding results (now for the 
spin and angle averaged reaction amplitude) are shown in 
Fig. El This figure contains also available data 32,33,34 
for the reaction p+d— > 3 He+7r°. They are shown here in 
order to illustrate the strong momentum dependence of 
the 77 3 He channel, which is due to the corresponding FSI. 



4 The ?] 3 He scattering length 

Berger et al. [23] did not attempt to extract the 7/ 3 He 
scattering length from their data. However, they fitted 
the data with the function 



da 

In 



Otot 
4-7T 



[1 + A cm costf] 



(8) 



The latter observable is shown in Fig. [21 as a function 
of the final momentum. The full circles and squares indi- 
cate experimental results obtained under different criteria 



l/l 



(1 — yqcos-d + zq 2 ) 2 



(9) 



The corresponding results are shown by solid lines in Fig.^ 
for cos$=±l. Note that Eq. (JSJ is not the FSI correc- 
tion to the production amplitude that follows from the 
Watson-Migdal approximation 30, 3h . However, it can be 
matched to Eq. © to order q 2 after averaging over the 
angle dependence. The explicit value for the modulus of 




60 80 
q (MeV/c) 

Fig. 2. Data on the ?7-meson forward-backward asymmetry 
A crn as a function of final momentum q from Ref. [26[ . The 
different symbols show the experimental results obtained for 
different analyzing criteria [26) . 
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the scattering length extracted in this way amounts to 
|a|=3.4±0.1 fm, using only the errors given in Rcf. 23 . 

Employing Eq. © Wilkin ^U] analysed the prelimi- 
nary Saclay data on the p+c?^ 3 He+7y total cross section 
|3*5] . He reported a correlation between the real and imag- 
inary parts of the ?7 3 He scattering length in the form 

(5Ra) 2 = 21.44 - 0.449(3a) 2 - 4.5093a, (10) 

as outcome of a x 2 minimization. This correlation is shown 
in Fig. 0] by the dashed line. Note that Eq. ljTU|l does not 
contain information about the standard x 2 +l uncertainty 
of the fit and, because of the unitarity condition, should 
be applied only for 3a>0. 

We took the ry 3 He scattering lengths constrained by 
Eq. I|l()(l and employed Eq. © to calculate the average 
squared reaction amplitude as a function of the final mo- 
mentum. Corresponding results are shown in Fig.^ where 
the shaded area indicates the spread of |/| 2 with the limit- 
ing scattering lengths of a~0-M3.51 fm and a~4.63-M0 fm 
as given in Eq. (|10|l . It is worth mentioning that Wilkin 
did not include the data of Berger et al. in his fit, though 
they were already available. 

Mayer et al. used also only their own data |2fi| when 
they extracted the ry 3 He scattering length by utilizing Eq. 
10. Their result, 

a=|3.8±0.6|+i(1.6±l.l) fm , (11) 




-1012345678 



lm a (fm) 

Fig. 4. Real versus imaginary part of the r; 3 He scattering 
length. The shaded boxes indicate the value given by Mayer et 
al. |26|. The solid contour lines show the result of our fit to the 
data of Mayer et al. |2ri| for x 2 +0.5, X 2 +l an d X 2 +4 confidence 
levels, respectively. The dashed line is the parameterization of 
Eq. I1UII from Ref. |1U|. The symbols show results of various 
model calculations, taken from Refs. (inverse triangles), |Sj 
(squares), (circles), ^0] (triangle) and (star). 
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Fig. 3. Spin and angle averaged transition amplitudes |/| 2 ex- 
tracted from p+ d^ 3 He+7r° |32I33I34| and p+d^ 3 He+r; [HI 
24 26 27 28 23] data on total reaction cross sections as func- 
tions of the final momentum q in the cm. system. The dotted 
line shows the fit to the reaction p+d^ 3 He+7r° from Ref. |32|. 
The solid line is our overall fit by Eq. to low energy data 
published by Mayer et al. I2G| and Berger et al. 1231 . while the 
dashed line shows our fit to the data from Mayer et al. |2(i| 
alone. 



is shown in Fig. 0] by the shaded boxes. Since, as men- 
tioned, the sign of the real part of the ?7 3 He scattering 
length cannot be inferred from a fit to the cross section 
data alone we include here boxes corresponding to ±5fta, 
with a given by Eq. 1|11JI . 

The symbols in Fig.0]represent results of various model 
calculations !5..8 l9Tl71HTT] based on different approaches 
and different elementary -qN amplitudes. For convenience, 
selected results are also listed in Table together with 
the elementary -qN scattering length that is employed in 
those model calculations. Evidently, only the result from 
Rcf. JI] is in agreement with the ?y 3 He scattering length 
extracted by Mayer et al. (23 • In the course of our study 
we have refitted the data from Ref. [22! • Our result is indi- 
cated by the solid contour lines in Fig.0]for x 2 +0.5, x 2 +l 
and x 2 +4 confidence levels. Apparently, it differs some- 
what from the one published in Ref. |26j . Specifically, one 
can see that the error correlation matrix is not symmetric 
and that now several model predictions from the Refs. 10 
5.8, 9"llll| lie within the x 2 +l confidence level. 

We want to point out in this context that the value of 
the total x 2 at the minimum that results from our fit is 
X 2 =0.16, which we find to be much too low. Indeed for 
a statistically uncorrelated set of data points one would 
expect a value of x 2 = Ndf ± -J2N^, where Ndf is the 
number of degrees of freedom |3b| - which in this partic- 
ular case would be 5. The error bars of the Saclay data 
are dominated by the statistical error and, therefore, 
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Table 2. Model calculations of the r^He scattering length that 
lie within the x 2 +l confidence level in Fig. [I] The employed 
values of the r/N scattering length and the used approach is 
also specified. 



Ref. 


a(?7 3 He) (fm) 


a(rjN) (fm) 


Comment 


m 


1.99-M2.86 


0.48+i0.28 


Multiple scattering 


u 


0.92-H3.07 


0.43-H0.39 


Multiple scattering 


m 


-1.96+i2.86 


0.62+i0.30 


Finite-rank approx. 


m 


-2.66+i3.31 


0.67+i0.30 


Finite-rank approx. 


m 


2.23+«3.00 


0.57+i0.39 


Faddeev-Yakubovsky 


M 


-2.31+i2.57 


0.55+z0.30 


Optical potential 



nite determination of the rj 3 He scattering length. In par- 
ticular now the model predictions 5 S 'flllH)| lie outside of 
the x 2 +l confidence level, except of the most recent re- 
sult from Ref. .11. . On the other hand, the fact that the 
resulting x 2 minimum points to a ry 3 He scattering length 
with vanishing (or even slightly negative) imaginary part 
is definitely a reason to worry and is presumably a signal 
that the near-threshold data base is internally inconsistent 
and/or afflicted with errors. Evidently, for further progress 
in the determination of the ?7 3 He scattering length new 
measurements at final momenta g<100 MeV/c are re- 
quired. 



they cannot be the origin of this small x 2 - Rather it seems 
to us that the published data points are simply not inde- 
pendent. 

Considering this certainly to some extent strange fea- 
ture of the Saclay data one might a priori expect that an 
evaluation of the 7y 3 He scattering length from a combined 
data analysis is very uncertain. Nevertheless we combine 
the data from Mayer et al. and Berger et al. [231 to 
fit them by Eq. (JSJ. Corresponding result are presented 
in Figs. and [S] Besides yielding a substantially larger 
total x 2 =57 also the confidence contours are different for 
the combined fit as can be seen by comparing Fig. [S] with 
Fig. [J] (We show again the correlation between the real 
and imaginary part of the 77 3 He scattering length for the 
X 2 +0.5, x 2 + l> X 2 +2, X 2 +3 and x 2 +4 confidence levels.) 
Obviously, the combined analysis allows for a more defi- 
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Fig. 5. Real versus imaginary part of the 7? 3 He scattering 
length. The solid contour lines show the result of our fit to the 
combined data of Mayer et al. |26) and Berger et al. |23) for 
X 2 +0.5, x 2 +l an< i X 2 +4 confidence levels, respectively. The 
symbols show results of various model calculations, taken from 
Refs. 5 (inverse triangles), [Sj (squares), |0j f circles'). |10l (tri- 
angle) and (star). 



5 Estimates for the imaginary part of the 
scattering length 

In principle, the imaginary part of the r? 3 He scattering 
length could be obtained from the total rf +He interaction 
cross section a to t by utilizing the optical theorem in the 
limit q — > 0: 

3a = lim 9/ tot (tf = 0°) - lim a to t ■ (12) 

<J-*0 q^0 47T 

Although a t ot is not accessible experimentally, one can 
use at least experimental information on partial ?y 3 -|-He 
reaction cross sections in order to deduce lower bounds 
on S$a. This procedure works very well for the r)N case 
where the magnitude of the imaginary part of the scat- 
tering length is strongly constrained by the data on the 
ir~p — > rjn transition cross section |10II19| . 

Using detailed balance the 77 3 +He— >p+d cross section 
can be related to the data available for the inverse reaction 

by 

a(r,+ 3 lie^p+d) = — a(p+d^ 3 Be+r)) . (13) 
q 2 

In Fig. we show 3/(t? = 0°) obtained via Eqs. lO and 
from experimental results |2till23ll24ll27ll28ll29| avail- 
able for the reaction p+d— > 3 He+77. The solid line in Fig.0 
shows the estimate based on our overall fit to the low en- 
ergy data published by Mayer et al. and Berger et 
al. EH- 

One can also evaluate the partial cross sections for 
?7+ 3 He— > 3 He-r-7r° and r]+ 3 Rc — > t+7r + from the data avail- 
able for the reaction 7r _ + 3 He— >t+rj [37,38 . Taking into 
account the isotopical relations between the different re- 
action channels given by 



er(77-|-t^ 3 He+7r ) = cr(?/+ 3 Hc^t+7r + ) 
= 2cr(r/+ 3 Hc^ 3 Hc+7r°) . 



(14) 



the corresponding value of ^sf(i) — 0°) can be estimated. 
It is also included in Fig. 

Unfortunately, the lower bounds for the imaginary part 
of the 77 3 He scattering length extracted from those reac- 
tion channels turn out to be rather small, i.e. Q ! a>10 -2 fm, 
and, therefore, are not very useful. Presumably the bulk 
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Fig. 6. Bounds on the imaginary part of the 7; 3 He forward scat- 
tering amplitude extracted from experimental results available 
for the p+d^ 3 He+r, mmt'MMim® and 7r-+ 8 He-»*-H? 
37 38j reactions. The solid line shows our estimate based on 
an overall fit to low energy p+d— > 3 He+i) data. 
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Fig. 7. Angular spectra of 77-mesons produced in p+d— > 3 He+77 
reaction at different final momenta q. The data are from Ref. 
|27| where different symbols show results obtained with differ- 
ent analyzing criteria. The solid lines indicate the fit given in 
Ref. |27J. 



of the inelastic cross section comes from the reaction 77 + 3 
He — y ppn which is, of course, not accessible experimen- 
tally. In any case, intuitively one would expect that 3a 
should be at least 3 times the imaginary part of the el- 
ementary rjN scattering length. Indeed all results of mi- 
croscopic calculations in the literature 5,6,7,8,9 (cf. also 
Tablc[2J seem to be consistent with this hypothesis. Then, 
based on the lower bound, fm, estimated by 

using the optical theorem JOj one would arrive at 3a>0.84 
fm which might be a reasonable guess. 



6 Data at higher energies 

Angular spectra for the reaction p+d— > 3 He+?7 at momenta 
g>100 MeV/c 13711251121125] are shown in Figs. □ and El 
These data exhibit already a strong asymmetry. Thus, it 
is clear that in this energy region the reaction is domi- 
nated by higher partial waves. Note that the solid lines in 
Fig.0are taken from the original work while the curves in 
Figs.|Hlshow our own fit to the experimental results using 
Legendre polynomials. 

From those fits one can again compute the squared 
spin and angle averaged transition amplitude and the cor- 
responding results are included in Fig. |3| One can also 
extrapolate |/| 2 to very forward and backward angles and 
the corresponding values are shown in Fig. ^ We detect 
substantial discrepancies between the p+d^He+r] for- 
ward cross sections extrapolated from the data of Bilger 
et al. |27J, Banaigs et al. [2Jj and Betigeri et al. (28]. The 
extrapolated data on backward ?7-meson production |27l 



28 , 24 29 are in rough agreement with other published re- 
sults |23U25j for g<300 MeV/c, taking into account that 
the data from Ref. [2JJ have large uncertainties. 

The discrepancies between the available data are also 
reflected in Fig. El where the experimental results 23,24 
26 27 28 29 on the p+d^ 3 He+r/ total reaction cross sec- 
tion are shown as a function of the final momentum q in 
the cm. system and the excess energy e. Here with open 
circles we also present total reaction cross sections for the 
data of Berger et al. |23j , derived from their forward and 
backward ?7-meson production cross sections via Eq. 
Evidently, there is not much consistency between the var- 
ious data sets - neither for low nor for higher energies. 



7 Summary 

We have critically reviewed the presently available data 
for the reaction p+d— > 3 He+?7 with the aim of extract- 
ing the ?y 3 He scattering length. The experimental infor- 
mation on angular spectra clearly shows that the reac- 
tion is dominated by the s-wave up to final momenta of 
around 70 MeV/c and, therefore, we have used all data in 
this energy range for the evaluation of the ?7 3 He scattering 
length. 

The analysis provides strong indications that the low 
energy data published by Berger et al (23] and Mayer et 
al. [2^1 are not consistent with each other. The overall 
fit to all low energy data [23ll2fj] results in a large total 
X 2 of 57, however clearly locates the scattering length as 
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3a=0.5±0.5 fm and 3£a=4.3±0.3 fm. The fit to the data 
from Mayer et al. 2(> alone results in a rather small total 
X 2 of only 0.16, but yields an ?7 3 He scattering length with 
much too large statistical uncertainty. 

Further progress in the determination of the ?7 He scat- 
tering length requires new measurements at final momenta 
<7<70 MeV/c in order to settle the ambiguities exhibited 
by the present data base. In particular, it would be nice to 
obtain information about the p+d— > 3 He+?7 reaction cross 
section very close to threshold, because this would pro- 
vide us with more stringent constraints for the imaginary 
part of the scattering length. Furthermore, measurements 
of the angular spectrum of the rj meson at energies corre- 
sponding to final momenta around q = 70 MeV/c would 
be very useful. Such data would allow to examine whether 
the reaction is still dominated by the s-wave up to this en- 
ergy - as we assumed in our analysis. The mentioned ex- 
periments could be done at accelerator facilities like COSY 
and CELSIUS [T7T^] . 

Our systematical analysis shows that the p+d^ 3 Hc+rj 
data available at larger final momenta, <?>100 MeV/c, are 
also not consistent with each other. Obviously this situ- 
ation constitutes a substantial difficulty in the compari- 
son between the experimental results and theoretical cal- 
culations. Here too the problem can be solved only by 
improving and expanding the data base for the reaction 
p+d—> 3 H.e+rj. 

This work was performed in part under the contract No. DE- 
FG02-93ER40756 with the University of Helsinki. Financial 
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Fig. 9. The p+d~^ 3 He+rj total reaction cross section as a func- 
tion of the final momentum q in the cm. system (lower axis) 
or excess energy e (upper axis). The data are from Refs. |23l 
l^l^oli^glSgi . The solid line is our overall fit by Eq. to 
low energy data published by Mayer et al. |26| and Berger et 
al. |23) . while the dashed line shows our fit to the data from 
Mayer et al. |26| alone. 
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Fig. 8. Angular spectra of 7/-mesons produced in the reac- 
tion p+d— > 3 He+?7 at different final momenta q. The data are 



from Refs. 24 28 2iJJ. The different symbols in (a) show results 
obtained with different analyzing criteria |28[ . The solid lines 
indicate our fit. 
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